Introduction
Thymic-derived natural T regulatory cells (CD4 + CD25 + Foxp3 + ) are important for the induction of self-tolerance and the control of autoimmunity 1 . Mutations in the FOXP3 transcription factor result in a rare human disorder called immune dysregulation, polyendocrinopathy, enteropathy, X-linked syndrome (IPEX) which is characterized by multiple autoimmune diseases 2, 3 . Patients with this condition typically die by early infancy or childhood. A similar condition consisting of a fatal lymphoproliferative disorder with multiorgan infiltration occurs in the scurfy mouse due to a deletion of the Foxp3 forkhead domain 4, 5 . Deficiencies in nTreg numbers or function have been postulated to play a role in susceptibility to several autoimmune diseases 6 . It is essential to study and understand the functions of FOXP3 + nTreg, but human nTreg have proven difficult to isolate as CD25 cannot be readily used as a marker for FOXP3 + cells. The Expression of Foxp3 is considered the definitive marker for mouse nTreg as Foxp3 is not induced during the activation of non-T regulatory cells 8 . Several studies have suggested that this is not the case in humans as TCR stimulation alone with anti-CD3 and anti-CD28 has been reported to induce FOXP3 expression in human CD4 + CD25 − cells [9] [10] [11] [12] [13] [14] [15] . In one study, these cells expressed a T regulatory phenotype 9 ,
while several other studies demonstrated that the induction of FOXP3 did not correlate with anergy or suppressive function 10, 14, 15 . There are several problems with these studies.
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A second potential difference between the regulation of FOXP3 expression in the mouse and human is that mouse CD4 + CD25
−

Foxp3
− cells can be induced to express
Foxp3 when activated in vitro by TCR stimulation in the presence of TGFβ 16, 17 . TGFβ-induced mouse Treg appear to resemble nTreg in all their phenotypic and functional properties. They exert potent suppressor function in vitro and can prevent or control disease in vivo 18, 19 . There has been only one study suggesting that TGFβ can induce FOXP3 in human CD4 + CD25 − cells, but the analysis was at a population level and the function of the induced cells was not assessed 17 .
Here, we have re-examined the requirements for de novo induction of FOXP3 in 
Materials and Methods
Cell purification
Peripheral blood was obtained from healthy adult donors by the Department of OKT3 and 50 IU/ml IL-2 +/− 5 ng/ml TGFβ1.
Generation of antigen-presenting cells
The CD3-depleted PBMC was generated by incubating PBMC with human CD3 microbead (Miltenyi Biotec) and running it over the AutoMAC with depletion sensitive program. The dendritic cells (DCs) were generated from monocyte-enriched peripheral blood obtained from our blood bank and further purified over the AutoMAC with positive selection program using human CD14 microbead (Miltenyi Biotec). The monocyte purity was > 99% based on CD14 expression. The monocytes were cultured in
For personal use only. on October 24, 2017. by guest www.bloodjournal.org From X-VIVO-15 (Cambrex) plus 1% heat-inactivated autologous serum with 800 U/ml GM-CSF and 1,000 U/ml IL-4 (Peprotech). Fresh medium with GM-CSF and IL-4 was added to cultures on day 3 and 5. For differentiation into mature DCs, the day 5 cultures were additionally stimulated with 10 ng/ml IL-1β, 10 ng/ml TNF-α, 10 ng/ml IL-6 (Peprotech) and 1 µ g/ml prostaglandin E 2 (Sigma Aldrich). On day 7, the immature and mature DCs were used for T cell stimulation.
FACS analysis
FACSCalibur was used for data acquisition and the data was analyzed with FlowJo software (Tree Star, Inc.). For staining of FOXP3, the cells were fixed and permeabilized using Ebioscience Fixation/Permeabilization kit according to the manufacturer's protocol. The FOXP3 was stained with either PCH101 PE (Ebioscience) or 259D Alexa
Fluor 647 (Biolegend) anti-FOXP3 antibody and isotype control.
For analysis of intracellular cytokine production, day 5 activated CD45RA + cells were rested in 50 IU/ml IL-2 culture medium for 2 days and restimulated for 5 hours with 25 ng/ml of PMA and 250 ng/ml of ionomycin (Sigma Aldrich) along with 3 µ g/ml of brefeldin A (Ebioscience). Afterward, the cells were fixed and permeabilized with Ebioscience kit and stained for FOXP3 with 259D Alexa Fluor 647 and for cytokines with anti-IFNγ FITC, IL-2 PE and IL-10 PE purchased from Caltag.
Quantitative real-time PCR analysis
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Memory T cells are resistant to TGFβ-induced FOXP3 expression
In order to determine whether all CD4 + FOXP3 − cells could be induced to express 
Anti-FOXP3 mAb, PCH101, is nonspecific for human FOXP3
Our results that only around 22% (range 6-42%) of CD45RA + cells could be induced to express FOXP3 without exogenous TGFβ are contrary to several published studies indicating that the vast majority expressed FOXP3 when stained with anti-FOXP3 mAb, represents an activation marker on all activated human CD4 T cells [13] [14] [15] .
TGFβ-induced FOXP3 expression is stable
When γ-chain as part of their receptor complex were also able to maintain FOXP3 expression in the absence of IL-2, while IL-1β, TNFα, IFNγ, IL-6 and IL-10 had no effect.
TGFβ-induced FOXP3 + T cells are neither anergic nor suppressive
The phenotypic characteristics of the TGFβ-induced FOXP3 + cells were very similar to thymic-derived nTreg. 
Discussion
Expression of Foxp3 has proven to be a reliable marker for mouse thymic-derived nTreg,
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